Abstract: Plasma treatment of soft polymers is the promising technique to improve biomedical 
Introduction

21
Surface modification by plasma methods improves various material properties: corrosion and 
27
Polyurethane is non-toxic polymer which is common in the design of biomedical products.
28
Depending on the composition and manufacture conditions, the mechanical properties of the 29 polyurethane are varied in a wide range: from soft elastomers to hard plastics. Polyurethanes are 30 suitable for the creating catheters, cardio-and breast-implants, interphalangeal endoprostheses, etc.
31
Plasma treatment of the polymers changes the relief, physico-chemical and mechanical properties of 32 the surface. In particular, surface energy, i.e. wettability, changes significantly, which affects the 33 interaction with biological objects [4] : an increase of surface energy decreases the number of platelets 34 adsorbed onto the surface [5, 6] . This is directly related to the adhesion of two blood proteins -35 albumin, which prevents the adhesion of platelets to the surface and fibrinogen, which has an 36 opposite effect. Protein adsorption also depends on the texture of the relief - Alekhin et al. shown 37 that the distance between clusters of islet carbon coating (created by pulsed ion-plasma deposition) 38 stops adsorption of large fibrinogen molecules, but does not prevent albumin adsorption [7] .
39
As a result of ion-plasma implantation free radicals appear in the treated surface layer [8], some 40 authors suppose that these radicals make the surface more favorable for the protein adsorption,
41
which results in better biocompatibility with the living cells [9] [10] [11] . However, it is unclear: does the 42 radicals preserve on the surface or only in the inner surface layer. In the literature, there are a lot of 43 publications devoted to exploration of plasma-treated polymers: polyurethane coating of a hard 44 metal catheter [12] , polyethylene, polystyrene, polymethylmethacrylate and other hard polymers for 45 medical use are considered [13] . The usage of silver [14] or copper [15] 
68
The thickness of the plates was 2 mm. Dogbone samples were cut from the plates (working 
83
2x1017 ion/cm 2 ). These regimes will be shortly named as 1-16, 1-17 and 3-17 in further discussion.
84
Mechanical fatigue tests were carried out on the Bis 00-100 machine with a frequency of 1 Hz and 85 strain amplitude ε of 10, 20 or 40%. The frequency and strain were selected from considerations of 86 real exploitation conditions of the implants. The samples were remained preloaded to deformation 87 of 2, 5 or 10% respectively to prevent bending of the samples due to residual strain. The stiffness of 88 the samples was decreased and after ~50000 cycles (~14 hours of testing) approached the asymptote.
89
It was assumed that the sample reached steady working mode and could operate during a 90 considerable number of cycles in this load range. After that, the surface of the sample was examined
91
by optical and atomic force microscopy.
92
Microscopy. An optical 3D-microscope (Hirox KH-7700) was used to obtain information on the 
102
[22] using the calibration grating of porous aluminum (PA01, manufactured by MikroMash).
103
The surface structure of stretched materials is of particular interest. In this case, the samples that 104 passed the fatigue tests were fixed in a miniature tensile device and stretched to the strain of 105 previously applied fatigue load. After completion of the relaxation processes the surfaces were 106 examined by optical and atomic force microscopy.
107
The cross-sections of the treated polyurethanes were studied to estimate the thickness of the 108 hard modified layer. The PIII-treated surface was coated with the same polyurethane (~1 mm thick).
109
Some portion of the material was then removed from the side surface of the sample by the 110 cryo-ultramicrotome (Leica UC7) at -100 °C using a diamond knife. By this way, the surface 111 containing the cross-section of modified layer in the middle was prepared and its thickness was 
127
The treated surfaces after fatigue loading are covered by cracks orthogonal to the strain 128 direction and by folds (parallel to the loading) -a result of material compression. In the material 129 subjected to PIII 3-17 these cracks and folds are clearly visible in the optical microscope (Figure 2 ).
130
Hereinafter (Figure 2 ) the direction of fatigue loading is vertical. Apart from the cracks, the longitudinal folds appear on the surface after loading, which are the 152 result of compression of the material in the transverse direction. In some cases, such folds break
153
(shown by the arrows in Figure 3b ) and bend inward. Note, that the folds stop the propagation of 154 transverse cracks (marked by the circle in Figure 3b ).
155
The depth of the cracks is more than order of magnitude greater the thickness of the modified 156 surface layer. It means that cracks are generated on a hard surface and then propagate deep into the 157 material.
158
With an increase of the fatigue deformation to 20% (Figure 4a 
163
During the fatigue loading, the hard crack edges cut soft polymer in the crack zone, which 164 causes its partial detachment from the rest of the matrix and squeezing out of the crack edges
165
(denoted by a rectangular in Figure 4b ). 
181
The surface of the material treated with higher fluence (PIII 1-17) after the fatigue tests is more 182 uniform. After loading up to 10 and 20% only straight closed cracks with the edges bent inward were 183 observed on the surfaces (Figures 6a, 7a) . The profile of one of these cracks is shown in the inset in 
189
Amplification of fatigue deformation to 20% increases the length of the cracks. The surface
190
inhomogeneities inhibit the development of cracks (enclosed in frames in Figure 7a ). In the stretched 191 state, as in the previous case (see Figure 4b) , the longitudinal folds break, and the dissected by the 192 crack edges polymer rises on the surface in the middle of the cracks (see Figure 7b ).
193
A similar picture of the surface fracture is observed after ε = 40% (Figure 8 ). 
219
The morphology of the surfaces after fatigue loading is summarized in Table 1 . 227 Table 1 . Surface morphology after the fatigue loading. 
239
The plasma treatment also affects the residual deformations of the polymer: only closed cracks 
Conclusions
244
The effect of fatigue loading on the surface of polyurethane treated with plasma immersion ion 245 implantation was investigated. It has been found that depending on the strain and treatment
246
parameters different types of damage occur on the surface of the materials after loading (see Table   247 1): open and closed cracks transverse to the strain axes, longitudinal folds that can break and bend
248
inward. The edges of the cracks cut the polymer during the deformation, which causes polymer 249 bugling and squeezing to the surface.
250
The lower is the amplitude of external deformations the less is the resulting damage. However,
251
even at small amplitude of 10% the depth of the cracks is an order of magnitude greater than the 252 thickness of the modified layer. 
257
The usage of these materials in the present state in deformable biomedical products can lead to 258 damage of the implant and eventually of body tissues.
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